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Problem
Radiography is ordered for virtually all patients with blunt ankle trauma, and typically 85% of these examinations do not find a fracture.
1 According to clinical research findings, a radiograph is not always needed to exclude an ankle or foot fracture.
1 2 The Ottawa ankle rules (box) are a clinical decision tool that aids the efficient use of radiographs in acute ankle injuries. 2 In the emergency departments in this study, the Ottawa ankle rules were either not being used or their application varied considerably. We aimed to identify strategies to improve the uptake of the Ottawa ankle rules in the emergency departments, and to determine if these strategies were effective in improving selection of patients with ankle injuries for radiography.
Background and setting
This study began at a major tertiary referral hospital serviced by a public radiology provider. After 12 months, the implementation strategies developed at the tertiary hospital were transferred to a community hospital serviced by a private radiology contractor, to assess if they would work in another setting. The study continued for a total of 20 months at the tertiary hospital and six months at the community hospital.
The target group were all clinicians working in the emergency departments who were able to order radiographs-that is, triage nurses who had completed accreditation to order radiographs, nurse practitioners, and all medical staff. Over the study period, the target group comprised 315 clinicians at the tertiary hospital and 62 at the community hospital.
Strategy for change
The study was underpinned by concepts for changing clinical practice and the implementation of evidence based guidelines. [3] [4] [5] [6] [7] A baseline audit established the evidence-practice gap and provided a starting point from which to measure the extent of practice change. The audit QuAlITy ImPRovEmEnT REPoRT a multifaceted strategy for implementation of the ottawa ankle rules in two emergency departments Taryn Bessen, 1 Robyn Clark, 2 Sepehr Shakib, 3 Geoffrey Hughes
The Ottawa ankle rules An ankle radiographic series is required only if there is pain in the malleolar zone and any of these findings: Bone tenderness at the posterior edge or tip of the lateral • malleolus (distal 6 cm), or Bone tenderness at the posterior edge or tip of the • medial malleolus (distal 6 cm), or Inability to bear weight both immediately and in the • emergency department A foot radiographic series is required only if there is pain in the mid-foot zone and any of these findings:
Bone tenderness at the base of the fifth metatarsal, or 
Barriers analysis
An initial analysis identified potential barriers to evidence being used in routine clinical practice. We completed process mapping of several ankle patients from triage to discharge or admission, along with key informant 8 interviews of emergency department and radiology staff.
Barriers fell into three groups: • Individual clinician-Knowledge of the Ottawa ankle rules, concern about missing a fracture, lack of confidence in clinical ability to exclude a fracture without a radiograph, and lack of knowledge about which radiograph to order.
• Social context-Many staff felt obliged to order a radiograph if patients were unhappy with lengthy waits to be seen.
• Organisational context-High staff turnover due to rotating staff, staff on shift work, no negative consequences of ordering unnecessary radiographs, and, at the tertiary hospital, triage nurses ordering radiographs without clinical examination at busy times to improve flow of patients within the emergency department.
engaging the target group At the tertiary hospital, the results of the baseline audit and barrier analysis were presented to an emergency department consultants' meeting to gain support in principle. We identified change champions and clinical opinion leaders in both the emergency department and radiology, and convened a multidisciplinary steering group, which helped design the change strategies and drive the changes. At the community hospital, we presented the results of the baseline audit and barrier analysis to a general staff meeting with the director and acting manager of the emergency department present, to provide support and endorsement.
linking change strategies to barriers The change plan was a multifaceted change strategy designed to deal with the identified barriers. Barriers at the individual clinician level and in the social context were met by education during inservice tutorials. Barriers within the organisational context were met by introducing a new request form incorporating the Ottawa ankle rules (see figure in the long version on bmj.com), reminders via posters and lanyard cards, audit and feedback, and empowering the radiographers to reject the old request forms or any incomplete new request forms ("gatekeeping"). Strategies were tailored to each hospital, and apart from audit and feedback, were all introduced simultaneously (table 1) .
evaluating outcomes Assessment of documentation of the Ottawa ankle rules on the request form and in the case notes was used as a marker of the use of the rules in clinical practice. The hospital's radiology imaging system was searched to determine if imaging had occurred for Community hospital Education Tutorials were organised to:-Teach the Ottawa ankle rulesImprove examination skills with hands-on teaching by an emergency physician-Provide instructions on how to use the new request form-Discuss verbal and written "prescription" to give to patients for whom radiography is not indicated. If the patient insisted on radiography, staff were advised to respect the patient's wishes -Multiple tutorials were run over a two month period, separately for medical and nursing staff at their regular in-house training sessions-Over the next four months, tutorials were run for each medical staff rotation, but no extra sessions were run for nursing staff because of the stability of the workforce-After the initial six months, education about the rules was left to the discretion of the emergency department consultants responsible for training -Multiple sessions were run over a one month period, both at scheduled staff meetings and opportunistically when the emergency department was quiet-Additional sessions were arranged on an "as needed" basis New request form -Design and implementation of a problem specific radiography request form incorporating the Ottawa ankle rules as a decision tree -Feedback was sought regularly from all stakeholder groups, resulting in iterative improvements-Version 3 was used at the end of the study (pregnancy was removed from the form as few pregnant women present to the tertiary hospital; it does not have an obstetrics department) -Version 2 (developed at the tertiary hospital) was used without modification Reminders -Posters about the rules were placed around the emergency department-Each member of staff was given a paper guideline and a lanyard card containing the rules-The posters, guideline, and lanyard card all looked identical, and colours matched the new request form to "brand" the study and provide an instantly recognisable product -Information about the rules was updated on the intranetOccasional small features about the study were placed in the emergency department newsletter -No additional reminders Audit and feedback -Feedback to emergency department staff on outcomes and practice change at a midpoint review -Feedback to emergency department staff on outcomes and change in practice at a midpoint review Radiographers as "gatekeepers" -Radiographers were taught about the Ottawa ankle rules and how the new request form was to be used-Radiographers were empowered to reject the old request form -Senior radiographers enlisted to help maintain and drive the change in their work groups-Multiple sessions run over a one month period at the start of the study to all available radiography staff-Communication book left in radiography work area to document any implementation problems or queries -The "gatekeeping" role was not requested of the radiographers working for the private radiology contractor PRACTICE each ankle presentation. If there was no record, case notes were reviewed to confirm that no imaging had been performed. Request forms were reviewed for all presentations throughout the study. Case notes were reviewed for all patients in the baseline audit. Case notes were only reviewed in the implementation period for patients who had no imaging requested or no documentation of the Ottawa ankle rules criteria on the request form.
The proportion of patients sent for radiography in each emergency department was assessed, and we calculated fracture rates as the proportion of radiographs showing a definite fracture.
See the full version on bmj.com for a full description.
Effects of change
During the study, 1561 patients with ankle injuries presented to the two hospitals. Age and sex of the patients at each hospital were similar, with most injuries occurring in the 20-29 year old age group in both sexes. Table 2 shows that documentation of the Ottawa ankle rules criteria increased significantly on request forms and in the case notes. The proportion of patients referred for radiography fell by 8.6% at the tertiary teaching hospital and by 12.5% at the community hospital compared with the baseline audit. The increase in the proportion of radiographs that demonstrated a fracture was not significant at the tertiary hospital (6.7%) but was statistically significant at the community hospital (12.0%). In the baseline period no patients re-presented with a missed fracture. However, during the implementation period, three (2.9%) patients re-presented at the tertiary hospital, and one (1.6%) re-presented at the community hospital with a missed fracture.
Compared with baseline, a greater proportion of patients were seen during the implementation period by nurse practitioners at the tertiary hospital (30/215 v 252/813) and by resident medical officers at the community hospital (6/244 v 70/289), and a smaller proportion of patients was seen by triage nurses in both emergency departments (56/215 v 126/813 at the tertiary hospital, 8/244 v 8/289 at the community hospital). The greatest reduction in the proportion of patients referred for radiography was in the nurse practitioner groups (30/30 v 208/252, decreased by 17.5% at the tertiary hospital; 11/11 v 19/28, decreased by 32% at the community hospital) and resident medical officers at the community hospital (6/6 v 55/70, decreased by 21%), but these reductions were not statistically significant. Radiography referrals by triage nurses were not reduced at either site, with all patients being sent for radiography in both study periods (data not shown).
The proportion of referrals made on the new request form was 88% at the tertiary hospital and 41% at the community hospital. The proportion of new request forms completed correctly was 85.7% and 87.1% at the tertiary and community hospital respectively (table 2) . discussion Guidelines that recommend the elimination of an established behaviour (such as ordering radiographs) are more difficult to implement than guidelines that recommend adding a new behaviour.
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Despite this, the change strategies implemented in this study achieved a significant increase in the use of the Ottawa ankle rules at both the tertiary hospital (37.2%) and the community hospital (29.2%). This change was three to four times higher than in a systematic review of 235 guideline dissemina- PRACTICE tion and implementation strategies, which showed a median 10% improvement. 4 The reason for the greater impact of the change strategy on documentation than reduction in radiography referrals is not entirely clear.
The number of missed fractures at both sites was small and not statistically significant. A more robust measurement of missed fracture rates could be achieved with longer periods of data collection.
The greatest change in practice was seen with the nurse practitioners at both sites and the resident medical officers at the community hospital. Nurse practitioners became champions of the implementation of the Ottawa ankle rules, and among the junior medical staff, uptake may have increased because the new request form gave a clear, evidence based framework for clinical assessment. The reason for lack of change in radiography referral patterns by triage nurses is not entirely clear. The shift in radiography referrals away from the triage nurses could account for some of the outcomes, but not for change in practice in other clinician groups.
The new request form was well adopted at the tertiary hospital (88% of referrals were made on the new form). The staff acknowledged that it served not only as a memory aid but also described the appropriate population in which the Ottawa ankle rules should be used. Given the large volume of staff and the small proportion of permanent staff in the tertiary hospital's emergency department, the new request form worked well as a change strategy and was used successfully by both rotating and shift working staff. At both sites, the new form was used correctly in over 85% of radiography referrals.
The reduction in unnecessary ankle radiographs was greater at the community hospital, even though the problem specific radiograph form was used in less than half of presentations (41%). This may be due to the smaller size and stability of the community emergency department workforce.
A key strategy for implementing the new request form at the tertiary hospital was assigning a "gatekeeper" role to the radiographers. The radiographers accepted and performed this role, but for some it was confrontational and challenging.
limitations The observational nature of this study limits interpretation of the data. In addition, the study period was limited to the duration of the lead author's fellowship.
Assessing change in practice by assessing documentation of the Ottawa ankle rules in the case notes was hampered by inconsistencies in the quality of documentation. Although most clinicians will carefully document the results of an electrocardiogram, they seem to be less motivated to document examination findings for an injury that is not life threatening.
The rate of missed fractures may have been higher than reported, as patients who subsequently presented to their general practitioner may have been referred to community based private radiology contractors; this would not be captured by the hospital's electronic clinical information system. The differing lengths of implementation periods and external factors such as seasonality may also have influenced these findings.
It is impossible to disentangle the outcome effects of the separate components of the change strategy when all, apart from audit and feedback, were commenced concurrently.
A cost benefit analysis would further evaluate this multifaceted change strategy. The effect of this change strategy on length of stay in the emergency department, change in practice in requesting of other radiographs, and patient satisfaction could also be considered lessons learnt There were several key learning experiences that arose from this study.
Using documentation as a surrogate measure for clinical practice has limitations and is both time consuming and prone to error, but in clinical practice is often the only way of evaluating practice.
Clinician groups seem to differ in their capacity or willingness to change their practice.
A multifaceted change strategy including education; a new problem specific radiography request form; reminders; audit and feedback; and using radiographers as "gatekeepers", can result in improved selection of patients for radiography. We also acknowledge our "change champions," without whose support this study would not have been possible. special thanks to Rebecca McMahon for research assistance. Funding: This work was funded by NHMRC NICS and RANZCR. Contributors: TB conceived and designed the study and won the funding for the study; TB, RC, and SS analysed and interpreted data. All authors drafted and revised the article and approved the final version. GH is guarantor. In the mid-foot, the navicular bone is part of the arch transmitting weight from the upper body to the forefoot. This and the other bones of the mid-foot allow us to plantar flex our foot and push off while walking.
In 1992 the emergency medicine group at the University of Ottawa evaluated the clinical findings in ankle and mid-foot injuries. The only aspects of the examination with reasonable inter-rater reliability were ability of the patients to walk four steps at the time of the accident and in the emergency department, and tenderness over the bony portions of the lateral and medial malleoli, the navicular, and the proximal fifth metatarsal.
When these findings are combined, forming the Ottawa ankle rules (figure), they have 98% sensitivity and 40% specificity for excluding fractures, based on the initial derivation study 2 and several validation studies [3] [4] [5] and summarised in the pooled sensitivity and median specificity in a systematic review.
1 Calculating the likelihood ratios from these gives a negative likelihood ratio of 0.05. Starting with a pretest probability of 15% will lead to a post-test probability of fracture of less than 1% if the result on applying the rule is negative and about 22% if it is positive. A negative result on applying this rule means an x ray of the ankle is not necessary.
Similar findings for the mid-foot found that the presence of tenderness on the proximal head of the fifth metatarsal or navicular is associated with the presence of a fracture. The Ottawa foot rules had 99% sensitivity and specificity about 38%. The pooled results for the ankle and foot rules have a sensitivity of 97.8% and specificity of 31.5%, giving a negative likelihood ratio of 0.08. In this pair of articles, dan mayer shows how a clinical prediction rule, the Ottawa ankle rules, is applied and gavin Falk and Tom Fahey set out what to consider when using such rules This series aims to set out a diagnostic strategy and illustrate its application with a case. The series advisers are Kevin Barraclough, general practitioner, Painswick, and research fellow in community based medicine, University ofdiagnostic dilemma Injuries to the ankle and mid-foot are commonly seen in primary care and hospital emergency departments. Only 15% of these are fractures, 1 and the diagnostic dilemma for the clinician is thus to identify patients with such fractures, as these require plaster immobilisation or referral to an orthopaedic specialist. Most other injuries are treated for ligamentous stretch or disruption with dynamic stabilisation, rest, and physical therapy.
In the past, the decision making process for ankle and mid-foot injuries involved subjective elements of the history and physical examination, followed almost always by an x ray, a process that is potentially harmful and wasteful. Historical clues included asking patients whether they heard a pop at the time of injury and were able to walk after the injury. Examination findings suggesting fracture were the presence of swelling, ecchymoses, stability when the ankle or mid-foot was moved, and ability to dorsiflex or plantar flex against resistance. However, such clinical findings were found to be unreliable, with poor inter-rater reliability.
2 Thus clinicians need a more accurate method to identify high risk injuries that require radiographic examination.
The diagnostic approach: clinical prediction rules
Ankle and mid-foot injuries are caused by the disruption of only a few structures: the lateral and medial malleoli, fibulotalar ligament laterally and the deltoid ligament medially (see figure) . In the ankle, the lateral and medial malleoli are the bony structures that maintain medial and lateral stability and alignment. The fibulotalar ligament laterally and the deltoid ligament medially maintain soft tissue stability and flexibility of the ankle. These four structures allow us to freely flex and extend our foot at the ankle but limit eversion and inversion. Injuries to these structures most commonly occur with an inversion injury of the ankle either in a sports setting or simply while walking.
lEARnIng PoInTS
Ankle injuries are extremely common but many features on history and physical examination are unreliable The combined Ottawa ankle and foot rules have a sensitivity of 97.8% and a specificity of 31.5%, giving a negative likelihood ratio of 0.07; this will yield a posttest probability of about 1% for fracture of the ankle if test results are negative (not requiring x ray) Treatment for ligament injuries should include dynamic splinting and RICE (rest, ice, compression, and elevation) Rule out a complete tear of the ligaments by doing drawer testing of the ankle before discharging the patient or at the first follow-up visit See also PRACTICE, pp 396, 402 PRACTICE Using the Ottawa ankle rules to rule out patients with ankle injuries who will not require x rays of the ankle reduces the number of ankle x rays by an estimated 25%.
6 A before and after cohort study of the rules in eight hospitals of varying sizes found the actual saving was a 21.9% absolute reduction in ankle x rays, giving a number needed to test of 5 to avoid one x ray (95% confidence interval 4 to 5). The sensitivity of the rules in this study was 99.4%.
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Case review
Our patient had a negative result on the Ottawa ankle rules. He was able to walk four steps even though he was limping and he had no tenderness over either the medial or lateral malleoli. His primary care physician explained that the likelihood of having any fracture was extremely low, less than 1%, and almost certainly such a fracture would be a small "chip" or avulsion fracture that could be treated in the same way as a sprained ankle. The patient was placed in a dynamic splint and sent home to rest for a few days with RICE instructions (rest, ice, compression, and elevation). On follow-up he was prescribed exercises to strengthen inversion and eversion and advised to increase mobility gradually. Three months later, his ankle felt back to normal, but he noticed it was slightly unstable and was more likely to twist on uneven ground.
Patients able to walk four steps and with no tenderness over either the lateral and medial malleoli can be diagnosed as having an ankle sprain. Ankle sprains can be classified into three levels of severity: grade I is stretching with minor tear of the ligament and with no signs of laxity; grade II is a partial tear; and grade III is a complete tear of the ligament. All but the most severe can be placed in a dynamic splinting device such as the Aircastand treated as in our case. [8] [9] [10] [11] A new randomised single blind (to outcome only) study performed by the CAST group compared tubular dressings, the Bledsoe boot (complex immobilisation boot), Aircast, and below knee cylinder cast in 584 patients with severe ankle sprains. Those treated by plaster immobilisation with a below knee cast or either of the dynamic immobilisation devices had more rapid healing of their ankle sprains at three months than did those treated with a tubular bandage, and the costs of the cast or Aircast were minimally higher than the plaster cast. Nine months after injury, all groups had equal functional outcomes. One problem was a 25% dropout rate in each group, which could have biased the end results.
12 With more serious injury, physical therapy may be helpful.
Serious injuries that should not be missed are complete disruption of the fibulotalar or deltoid ligaments, mortise, or interosseous ligament, which could require surgical repair to restore a functional and stable ankle. Suspect these if patients continue to have severe pain after a few days of rest and if they have laxity or severe pain when the ligaments are under stress. Ligamentous laxity is tested for with the "drawer test," which looks for appreciable movement of the forefoot relative to the ankle or severe pain when the ligaments are stressed, leading to suspicion of complete ligamentous disruption.
Other serious injuries should be suspected if the patient has severe pain after a period of resting, and patients with these injuries should be referred to an orthopaedic specialist. ) make the precision of the diagnostic, prognostic, or therapeutic recommendations of a rule less certain. An example of the challenges of applying a rule to a primary care setting is the CRB-65 score, which is used to predict 30 day mortality in patients with community acquired pneumonia. 9 The score, (representing confusion, respiratory rate, blood pressure, and age over 65) was derived and validated in three cohorts of patients admitted to hospital in the United K ingdom, New Z ealand, and the Netherlands.
9 Subsequent validation in a separate, community based cohort in the Netherlands showed lower 30 day mortality across all strata of risk than in hospital based patients.
10 Low risk patients can be accurately identified with CRB-65, but the optimal referral threshold for a patient with suspected community acquired pneumonia, and how it might affect their subsequent management and survival, is unclear.
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How can we improve? Methodological standards concerning the conduct and reporting of clinical prediction rules are well documented.
1 2 STARD (Standards for Reporting of Diagnostic Accuracy) is likely to provide a framework for improved conduct and reporting of published rules, particularly in combating spectrum bias and selection bias in the populations of patients used in these studies.
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Recent initiatives aim to increase sample size substantially and improve precision by means of simplified study protocols and web based recruitment. For example, a study of clinical prediction rules (www. descarte.co.uk) is currently under way in UK primary care, aiming to recruit 18 000 patients with a sore throat in general practice and assess the clinical features that predict further complications.
Lastly, the accurate recall and implementation of rules can be facilitated by computer based clinical decision support systems (CDSSs) that quantify diagnostic and prognostic information and provide clinicians with patient specific recommendations. 
